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(57) ABSTRACT

A display device (100) according to the present invention
includes a pixel defined by a plurality of sub pixels. The
plurality of sub pixels are a red sub pixel (R) to display red, a
green sub pixel (G) to display green, a blue sub pixel (B) to
display blue, and a yellow sub pixel (Ye) to display yellow.
When an input signal corresponding to green of the sSRGB
color space is externally input, the display device (100)
according to the present invention provides display by use of
the green sub pixel (G) and also the yellow sub pixel (Ye).
According to the present invention, a multiple primary color
display device which suppresses decline of the display quality
when an input signal corresponding to green of the sSRGB
color space is externally input is provided.
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1
DISPLAY DEVICE

TECHNICAL FIELD

The present invention relates to a display device, and spe-
cifically to a multiple primary color display device which
provides display by use of four primary colors.

BACKGROUND ART

Today, various types of display devices are used for various
applications. In a general display device, one pixel includes
three sub pixels for displaying red, green and blue, which are
three primary colors of light, and this realizes color display.

However, conventional display devices have a problem that
the range of colors which can be reproduced (referred to as the
“color reproduction range”) is narrow. FI1G. 25 shows a color
reproduction range of a conventional display device which
provides display by use of the three primary colors. FIG. 25 is
an Xy chromaticity diagram of an XYZ colorimetric system.
The triangle, the apexes of which are three points correspond-
ing to the three primary colors of red, green and blue, repre-
sents the color reproduction range. In the figure, colors of
various objects existing in the natural world which have been
clarified by Pointer (see Non-patent Document 1) are plotted
with “x”. As can be seen from FIG. 25, there are object colors
which are not encompassed in the color reproduction range.
The display device which provides display by use of the three
primary colors cannot display a part of the object colors.

In order to enlarge the color reproduction range of display
devices, techniques for increasing the number of primary
colors used for display have been proposed.

For example, as shown in FIG. 26, Patent Document 1
discloses a liquid crystal display device 800 in which one
pixel P includes six sub pixels R, G, B, Ye, C and M which
respectively display red, green, blue, yellow, cyan and
magenta. FIG. 27 shows the color reproduction range of the
liquid crystal display device 800. As shown in FIG. 27, the
color reproduction range represented by the hexagon, the
apexes of which are six points corresponding to the six pri-
mary colors substantially encompasses the object colors. As
can be seen, the color reproduction range can be enlarged by
increasing the number of primary colors used for display.

Patent Document 1 also discloses a liquid crystal display
device in which one picture element includes four pixels
respectively for displaying red, green, blue and yellow, and a
liquid crystal display device in which picture element
includes five pixels respectively for displaying red, green,
blue, yellow and cyan. By use of four or more primary colors,
the reproduction range can be enlarged as compared with that
of a conventional display device which provides display by
use of the three primary colors. In this specification, a display
device which provides display by use of four or more primary
colors will be referred to as a “multiple primary color display
device”, and a liquid crystal display device which provides
display by use of four or more primary colors will be referred
to as a “multiple primary color liquid crystal display device”.

CITATION LIST
Patent Literature

Patent Document 1: PCT Japanese National Phase Laid-Open
Patent Publication No. 2004-529396

Non-Patent Literature

Non-patent Document 1: M. R. Pointer, “The gamut of real
surface colors,” Color Research and Application, Vol. 5,
No. 3, pp. 145-155 (1980)
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2
SUMMARY OF INVENTION

Technical Problem

However, as a result of making detailed studies on the
display quality of a multiple primary color display device, the
present inventors found that a mere increase of the number of
primary colors does not provide a sufficiently high display
quality. For example, when an input signal corresponding to
green of an sRGB color space is externally input, the lumi-
nance of green which is actually displayed by the pixel is
significantly decreased as compared with the luminance of
green which ought to be displayed.

The present invention made in light of the above-described
problem has an object of providing a multiple primary color
display device which suppresses decrease of the display qual-
ity when an input signal corresponding to green of the sSRGB
color space is externally input.

Solution to Problem

A display device according to the present invention
includes a pixel defined by a plurality of sub pixels. The
plurality of sub pixels are a red sub pixel to display red, a
green sub pixel to display green, a blue sub pixel to display
blue, and a yellow sub pixel to display yellow; and when an
input signal corresponding to green of an SRGB color space is
externally input, display is provided by use of the green sub
pixel and the yellow sub pixel.

In a preferable embodiment, increase ratios of gray scale
levels of the green sub pixel and the yellow sub pixel with
respectto anincrease of the gray scale level of the input signal
is different between in a first range of the gray scale level of
the input signal from a minimum level to a prescribed inter-
mediate level and in a second range of the gray scale level of
the input signal from the prescribed intermediate level to a
maximum level.

In a preferable embodiment, when the gray scale level of
the input signal is the prescribed intermediate level, the gray
scale level of the green sub pixel is the maximum level, and
the increase ratio of the green sub pixel in the second range is
Zero.

In a preferable embodiment, in the first range, hue, chroma
and lightness of green corresponding to the input signal sub-
stantially match the hue, chroma and lightness of a color
displayed by the pixel.

In a preferable embodiment, in the second range, the light-
ness of the green corresponding to the input signal substan-
tially matches the lightness of the color displayed by the
pixel.

In a preferable embodiment, in the second range, the hue of
the green corresponding to the input signal substantially
matches the hue of the color displayed by the pixel.

In a preferable embodiment, when the input signal is input,
in the second range, the display device according to the
present invention provides display by use of the green sub
pixel, the yellow sub pixel and the blue sub pixel.

In a preferable embodiment, when the input signal is input,
in the second range, the display device according to the
present invention does not use the blue sub pixel for display.
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In a preferable embodiment, in the second range, the light-
ness of the color displayed by the pixel is lower than the
lightness of the green corresponding to the input signal.

In a preferable embodiment, in the second range, the hue of
the green corresponding to the input signal substantially
matches the hue of the color displayed by the pixel.

In a preferable embodiment, in the second range, the hue,
chroma and lightness of the color displayed by the pixel are
constant.

In a preferable embodiment, in the second range, the
increase ratio of the yellow sub pixel is zero.

In a preferable embodiment, the prescribed intermediate
level is a gray scale level at which, when a'Y value of white
displayed by the pixel in an XYZ colorimetric system is 1, the
Y value of green corresponding to the input signal is 0.3 or
greater.

Alternatively, a display device according to the present
invention includes a pixel defined by a plurality of sub pixels.
The plurality of sub pixels are a red sub pixel to display red,
a green sub pixel to display green, a blue sub pixel to display
blue, and a yellow sub pixel to display yellow; and when an
input signal corresponding to green of an sSRGB color space is
externally input, display is provided by use of the green sub
pixel in a first range of a gray scale level of the input signal
from a minimum level to a prescribed intermediate level, and
display is provided by use of the green sub pixel and the
yellow sub pixel in a second range of the gray scale level of
the input signal from the prescribed intermediate level to a
maximum level.

In a preferable embodiment, an increase ratio of the gray
scale level of the green sub pixel with respect to an increase of
the gray scale level of the input signal is different between in
the first range and in the second range.

In a preferable embodiment, when the gray scale level of
the input signal is the prescribed intermediate level, the gray
scale level of the green sub pixel is the maximum level, and
the increase ratio of the green sub pixel in the second range is
Zero.

In a preferable embodiment, the prescribed intermediate
level is a gray scale level at which, when a'Y value of white
displayed by the pixel in an XYZ colorimetric system is 1, the
Y value of green corresponding to the input signal is 0.3 or
greater.

In a preferable embodiment, when the prescribed interme-
diate level is a first intermediate level, an increase ratio of the
gray scale level of the green sub pixel with respect to an
increase of the gray scale level of the input signal is different
between in a third range of the gray scale level of the input
signal from the minimum level to a second intermediate level
which is higher than the first intermediate level and in a fourth
range of the gray scale level of the input signal from the
second intermediate level to the maximum level.

In a preferable embodiment, when the gray scale level of
the input signal is the second intermediate level, the gray scale
level of the green sub pixel is the maximum level, and the
increase ratio of the green sub pixel in the fourth range is zero.

In a preferable embodiment, the first intermediate level is a
gray scale level at which, when a'Y value of white displayed
by the pixel in an XYZ colorimetric system is 1, the Y value
of'the green corresponding to the input signal is 0.3 or greater.

In a preferable embodiment, when the gray scale level of
the input signal is a maximum level, chromaticities X and y
and a Y value in an XYZ colorimetric system of a color
displayed by the pixel fulfill the relationships 0f0.25<x<0.35,
0.45=<y=<0.70 and 0.3=<Y=0.8 where the Y value when the
pixel displays white is 1.
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Advantageous Effects of Invention

The present invention provides a multiple primary color
display device which suppresses decrease of the display qual-
ity when an input signal corresponding to green of the sSRGB
color space is externally input.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram schematically showing a liquid
crystal display device 100 in a preferable embodiment of the
present invention.

FIGS. 2(a) and (b) show examples of pixel structure of the
liquid crystal display device 100.

FIG. 3 is a graph showing the relationship between the gray
scale level of an input green signal (input gray scale level) and
the gray scale level of each sub pixel (output gray scale level)
in Example 1.

FIG. 4 is a graph showing the relationship between the gray
scale level of the green signal and the luminance (relative
value) of the pixel in Example 1.

FIG. 5 is a graph showing the C*-L* characteristic (rela-
tionship between the chroma and the lightness at the hue
corresponding to the green of the sSRGB color space) of the
color displayed by the pixel in Example 1.

FIG. 6 is a graph in which the object colors (i.e., existing
colors) of Pointer are plotted, with the horizontal axis repre-
senting the y coordinate in the XYZ colorimetric system and
the vertical axis representing the Y value in the XYZ colori-
metric system.

FIG. 7 is a graph showing the relationship between the gray
scale level of an input green signal (input gray scale level) and
the gray scale level of each sub pixel (output gray scale level)
in Example 2.

FIG. 8 is a graph showing chromaticities x and y of the
color displayed by the pixel when the green signal of the
maximum level is input in Example 1 and Example 2.

FIG. 9 is an Xy chromaticity diagram showing the Mac-
Adam ellipse.

FIG. 10 is a graph showing chromaticities x and y of the
color displayed by the pixel when the green signal of the
maximum level is input in Example 1 and Example 2.

FIG. 11 is a graph showing the relationship between the
gray scale level of an input green signal (input gray scale
level) and the gray scale level of each sub pixel (output gray
scale level) in Example 3.

FIG. 12 is a graph showing the relationship between the
gray scale level of the green signal and the luminance (relative
value) of the pixel in Example 3.

FIG. 13 is a graph showing the C*-L* characteristic (rela-
tionship between the chroma and the lightness at the hue
corresponding to the green of the sSRGB color space) of the
color displayed by the pixel in Example 3.

FIG. 14 is a graph showing chromaticities x and y of the
color displayed by the pixel when the green signal of the
maximum level is input in Example 3.

FIG. 15 is a graph showing the relationship between the
gray scale level of an input green signal (input gray scale
level) and the gray scale level of each sub pixel (output gray
scale level) in Example 4.

FIG. 16 is a graph showing the relationship between the
gray scale level of the green signal and the luminance (relative
value) of the pixel in Example 4.

FIG. 17 is a graph showing the C*-L* characteristic (rela-
tionship between the chroma and the lightness at the hue
corresponding to the green of the sSRGB color space) of the
color displayed by the pixel in Example 4.
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FIG. 18 is a graph showing chromaticities x and y of the
color displayed by the pixel when the green signal is input in
Example 4.

FIG. 19 is a graph showing the relationship between the
gray scale level of an input green signal (input gray scale
level) and the gray scale level of each sub pixel (output gray
scale level) in Example 5.

FIG. 20 is a graph showing the C*-L* characteristic (rela-
tionship between the chroma and the lightness at the hue
corresponding to the green of the sSRGB color space) of the
color displayed by the pixel in Example 5.

FIG. 21 is a graph showing the relationship between the
gray scale level of an input green signal (input gray scale
level) and the gray scale level of each sub pixel (output gray
scale level) in Example 6.

FIG. 22 is a graph showing the C*-L* characteristic (rela-
tionship between the chroma and the lightness at the hue
corresponding to the green of the sSRGB color space) of the
color displayed by the pixel in Example 6.

FIG. 23 is a block diagram showing an example of prefer-
able structure of a signal conversion circuit included in the
liquid crystal display device 100.

FIG. 24 is a block diagram showing another example of
preferable structure of the signal conversion circuit included
in the liquid crystal display device 100.

FIG. 25 is an xy chromaticity diagram showing a color
reproduction range of a conventional display device which
provides display by use of the three primary colors.

FIG. 26 schematically shows a conventional multiple pri-
mary color liquid crystal display device 800.

FIG. 27 is an xy chromaticity diagram showing a color
reproduction range of the multiple primary color liquid crys-
tal display device 800.

FIG. 28 is a graph showing the relationship between the
gray scale level of an input green signal (input gray scale
level) and the gray scale level of a green sub pixel (output gray
scale level) in the conventional example.

FIG. 29 is a graph showing the relationship between the
gray scale level ofthe green signal and the luminance (relative
value) of the pixel in the conventional example.

FIG. 30 is a graph showing the C*-L* characteristic (rela-
tionship between the chroma and the lightness at the hue
corresponding to the green of the sSRGB color space) of the
color displayed by the pixel in the conventional example.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described with reference to the drawings. The present inven-
tion is not limited to the following embodiments.

FIG. 1 shows a liquid crystal display device 100 in this
embodiment. As shown in FIG. 1, the liquid crystal display
device 100 is a multiple primary color liquid crystal display
device including a liquid crystal display panel 10 and a signal
conversion circuit 20 and providing display by use of four
primary colors.

The liquid crystal display device 100 includes a plurality of
pixels arranged in a matrix. Each of the pixels is defined by a
plurality of sub pixels. FIG. 2(a) shows a pixel structure of the
liquid crystal display device 100. As shown in FIG. 2(a), the
plurality of sub pixels defining each pixel are a red sub pixel
R to display red, a green sub pixel G to display green, a blue
sub pixel B to display blue, and a yellow sub pixel Ye to
display yellow.

FIG. 2(a) shows an example of structure in which the red
sub pixel R, the green sub pixel G, the blue sub pixel B and the
yellow sub pixel Ye are arranged in this order from left to right
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in the pixel. The arrangement of the sub pixels in the pixel is
not limited to this. The red sub pixel R, the green sub pixel G,
the blue sub pixel B and the yellow sub pixel Ye may be
arranged in any order in the pixel. These sub pixels do not
need to have the same area size. For example, the red sub pixel
R and/or the blue sub pixel B may have a larger area size than
that of the green sub pixel G and the yellow sub pixel Ye. FI1G.
2(a) shows a structure in which the four sub pixels are
arranged in one row by four columns in the pixel. Alterna-
tively, as shown in FIG. 2(b), the red sub pixel R, the green sub
pixel G, the blue sub pixel B and the yellow sub pixel Ye may
be arranged in two rows by two columns (i.e., in a matrix) in
the pixel. In this case also, the plurality of sub pixels defining
each pixel do not need to have the same area size. For
example, the red sub pixel R and/or the blue sub pixel B may
have a larger area size than that of the green sub pixel G and
the yellow sub pixel Ye.

The signal conversion circuit 20 converts an input video
signal into a multiple primary color signal corresponding to
the four primary colors. As shown in, for example, FIG. 1, the
signal conversion circuit 20 converts an input signal (video
signal) of an RGB format including components representing
the luminances of red, green and blue into a multiple primary
color signal including components representing the lumi-
nances of red, green, blue and yellow. The format of the input
signal is not limited to the RGB format, and may be an XYZ
format, a YCrCb format or the like.

The liquid crystal display panel 10 receives the multiple
primary color signal generated by the signal conversion cir-
cuit 20 and displays a color corresponding to the multiple
primary color signal by means of each pixel. As the display
mode of the liquid crystal display panel 10, any of various
display modes is usable. For example, a vertical alignment
mode (VA mode), which can realize a wide viewing angle
characteristic, is preferably usable.

Specifically, as the vertical alignment mode, an MVA
(Multi-domain Vertical Alignment) mode disclosed in Japa-
nese Laid-Open Patent Publication No. 11-242225 or a CPA
(Continuous Pinwheel Alignment) mode disclosed in Japa-
nese Laid-Open Patent Publication No. 2003-43525 is usable.
A panel of the MVA mode or CPA mode liquid crystal display
device includes a liquid crystal layer of a vertical alignment
type, in which liquid crystal molecules are aligned vertical to
substrates in the absence of a voltage. Display of a wide
viewing angle is realized by the liquid crystal molecules
being tilted in a plurality of azimuth angles in each sub pixel
when a voltage is applied. Needless to say, any other mode
such as a TN (twisted nematic) mode, an IPS (In-Plane
Switching) mode, an FFS (Fringe Field Switching) mode or
the like is usable.

Alternatively, a PSA technology (Polymer Sustained
Alignment Technology) is preferably usable. The PSA tech-
nology is disclosed in, for example, Japanese Laid-Open
Patent Publications Nos. 2002-357830, 2003-177418, and
2006-78968. According to the PSA technology, the pretilt
direction of the liquid crystal molecules is controlled as fol-
lows. A small amount of polymerizable compound (e.g., a
photopolymerizable monomer or oligomer) is mixed in a
liquid crystal material. After a liquid crystal cell is assembled,
the polymerizable material is irradiated with active energy
rays (e.g., ultraviolet rays) in the state where a prescribed
voltage is applied to the liquid crystal layer. The pretilt direc-
tion of the liquid crystal molecules is controlled by the poly-
mer which is generated. The alignment state of the liquid
crystal molecules realized when the polymer is generated is
maintained (stored) even after the voltage is removed (in the
absence of the voltage). Herein, the layer formed of the poly-
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mer will be referred to as an “alignment sustaining layer”. The
alignment sustaining layer is formed on a surface of each of
alignment films (on the liquid crystal layer side). The align-
ment sustaining layer does not need to be in the form of a film
covering the surfaces of the alignment films, and may be in
the form of particles of the polymer discretely provided.

The liquid crystal display device 100 in this embodiment
has a feature in the manner of display when an input signal
corresponding to green of the sRGB color space (substan-
tially the same as green of the EBU format) is externally
input. Hereinafter, the input signal corresponding to the green
of'the sSRGB color space will be referred to simply as a “green
signal”. When the green signal is input to a display device
which provides display by use of the three primary colors
(three primary color display device), the display is provided
such that the luminances of the red sub pixel R and the blue
sub pixel B are zero and the luminance of the green sub pixel
G is of a prescribed level. Accordingly, the green signal is
represented as (R, G, B)=(0, X, 0). Here, X is an integer
corresponding to the number of bits of the signal. In this
embodiment, 8-bit signals are used, and therefore X is O
through 255. Hereinafter, the value of X will be referred to
also as a “gray scale level of a green signal”.

Hereinafter, the manner of display when the green signal is
input to the liquid crystal display device 100 in this embodi-
ment will be described specifically. Prior to this, a reason why
the luminance of green displayed by the pixel is significantly
decreased when the green signal is input to the conventional
multiple primary color display device will be described with
reference to FIG. 28 through FIG. 30.

FIG. 28 is a graph showing the relationship between the
gray scale level of an input green signal (input gray scale
level; X mentioned above) and the gray scale level of the
green sub pixel G (output gray scale level). FIG. 29 is a graph
showing the relationship between the gray scale level of the
input green signal and the luminance (relative value) of the
pixel. As the luminance of the pixel, the luminance which
ought to be output and the luminance which is actually output
are shown (when y=2.2). F1G. 30 is a color tone diagram of an
L*C*h colorimetric system. In FIG. 30, the horizontal axis
represents the chroma C* and the vertical axis represents the
lightness L*, regarding the hue angle h corresponding to the
green of the sSRGB color space. In FIG. 30, the range of the
sRGB color space is represented with the dashed line (sRGB),
and the color reproduction range of the multiple primary
color display device is represented with the solid line (RG-
BYe). In FIG. 30, the white arrow shows the locus of the color
displayed by the pixel when the gray scale level of the green
signal is changed from the minimum level to the maximum
level. In FIG. 30, the circle and the double circle respectively
represent the green which ought to be displayed and the green
which is actually displayed by the pixel, when the green
signal having the maximum gray scale level is input.

When a green signal is input to the conventional multiple
primary color display device, as shown in FIG. 28, the gray
scale level of the green signal is the gray scale level of the
green sub pixel G as it is. Namely, the luminances of the sub
pixels other than the green sub pixel are zero regardless of the
gray scale level of the green signal. At this point, as shown in
FIG. 29, the luminance of the pixel which is actually output is
significantly lower than the luminance which ought to be
output. A reason for this is that when the number of primary
colors used for display is increased, the number of sub pixels
per pixel is increased and thus the area size of each sub pixel
is necessarily decreased, and thus the area size of the green
sub pixel G for displaying green is decreased. As a result, as
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shown in FIG. 30, the lightness of the green displayed by the
pixel is lower than the lightness of the green of the sSRGB
color space.

As described above, in the conventional multiple primary
color display device, when the green signal is input, display is
provided by use of only the green sub pixel G. Therefore, the
luminance (lightness) of the green actually displayed by the
pixel is significantly decreased.

The liquid crystal display device 100 in this embodiment
provides display by use of a sub pixel(s) other than the green
sub pixel G in addition to the green sub pixel G when a green
signal (input signal corresponding to the green of the sSRGB
color space) is externally input. Specifically, in the liquid
crystal display device 100, when a green signal is input,
display is provided by use of the yellow sub pixel Ye in
addition to the green sub pixel G. When necessary, the blue
sub pixel B is also used for display. Accordingly, in the liquid
crystal display device 100 in this embodiment, the sub
pixel(s) other than the green sub pixel G, as well as the green
sub pixel G, contributes to the display provided when the
green signal is input. Therefore, the decrease of the luminance
can be suppressed and decline of the display quality can be
suppressed.

Hereinafter, specific examples of the manner of display
when a green signal is input to the liquid crystal display
device 100 will be described.

EXAMPLE 1

Table 1 shows chromaticities X and y and the luminance
ratio of each of the primary colors displayed by the red sub
pixel R, the green sub pixel G, the blue sub pixel B and the
yellow sub pixel Ye in this example. The values of the chro-
maticities x and y and the luminance ratio of each primary
color shown in Table 1 are the same in the following
examples.

TABLE 1
Luminance ratio X y
R 14.6% 0.645 0.327
Ye 40.4% 0.431 0.559
G 33.1% 0.255 0.620
B 11.9% 0.148 0.054

FIG. 3 shows the relationship between the gray scale level
of'an input green signal (input gray scale level) and the gray
scale level of each sub pixel (output gray scale level) in this
example. In the example shown in FIG. 3, in a first range r1 of
the gray scale level of the green signal from the minimum
level (zero) to a prescribed intermediate level (La), display is
provided by use of the green sub pixel G and the yellow sub
pixel Ye. In a second range r2 from the intermediate level (La)
to the maximum level (255), display is provided by use of the
green sub pixel G, the yellow sub pixel Ye and also the blue
sub pixel B.

As shown in FIG. 3, the ratios of increase of the gray scale
levels of the green sub pixel G and the yellow sub pixel Ye
with respect to the increase of the gray scale level of the green
signal (corresponding to the gradient of the straight lines
shown in FIG. 3; hereinafter, referred to as the “output
increase ratios”) are different between in the first range rl and
in the second range r2.

The output increase ratio of the green sub pixel G is lower
in the first range r2 than in the first range rl, and more
specifically, is zero. Namely, the gray scale level of the green
sub pixel G increases as the gray scale level of the green signal
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increases, and reaches the maximum level (255) when the
gray scale level of the green signal is the intermediate level
La. After that, the gray scale level of the green sub pixel G is
kept the same. By contrast, the output increase ratio of the
yellow sub pixel Ye is higher in the first range r2 than in the
first range r1.

When the gray scale level of the green signal is the inter-
mediate level La (here, 206), the gray scale level ofthe yellow
sub pixel Ye is, for example, 140. When the gray scale level of
the green signal is the maximum level, the gray scale levels of
the blue sub pixel B and the yellow sub pixel Ye are, for
example, respectively 106 and 244.

FIG. 4 shows the relationship between the gray scale level
of the green signal and the luminance (relative value) of the
pixel, and F1G. 5 shows the C*-L.* characteristic (relationship
between the chroma and the lightness at the hue correspond-
ing to the green of the sSRGB color space) of the color dis-
played by the pixel, when display is provided as in the
example shown in FIG. 3.

As shown in FIG. 4, the luminance which is actually output
substantially matches the luminance which ought to be out-
put. Therefore, as shown in FIG. 5, the lightness of the color
displayed by the pixel substantially matches the lightness of
the green of the sSRGB color space. The locus of the color
displayed by the pixel is shown in one color tone diagram
(FIG. 5). As can be seen from this, the hue of the color
displayed by the pixel substantially matches the hue of the
green of the sSRGB color space. Also as can be seen from FIG.
5, in the range of the gray scale level of the green signal from
the minimum level to the intermediate level La (i.e., in the first
range rl), the chroma of the color displayed by the pixel
substantially matches the chroma of the green of the sSRGB
color space.

Accordingly, when display is provided as in this example,
in the first range r1, the hue, chroma and lightness of green
corresponding to the green signal (i.e., green which ought to
be displayed) substantially match the hue, chroma and light-
ness of the color which is actually displayed by the pixel. In
the second range r2, the hue and lightness of the green corre-
sponding to the green signal substantially match the hue and
lightness of the color which is actually displayed by the pixel.
Namely, in the first range rl, all of the hue, chroma and
lightness can be output with fidelity; and in the second range
r2, the hue and lightness can be output with fidelity. There-
fore, decline of the display quality when the input signal
corresponding to the green of the sSRGB color space is exter-
nally input is suppressed.

It is preferable that the intermediate level La, which is the
end of the first range r1 (range in which all of the hue, chroma
and lightness can be reproduced with fidelity) is a level at
which, when the Y value of white displayed by the pixel in the
XYZ colorimetric system is 1, the Y value of the green to be
displayed (green corresponding to the green signal) is 0.3 or
greater. FIG. 6 is a graph in which the object colors (i.e.,
existing colors) of Pointer are plotted, with the horizontal axis
representing the y coordinate in the XYZ colorimetric system
and the vertical axis representing the Y value in the XYZ
colorimetric system. As shown in FIG. 6, in the range of
Y=0.3, there are existing colors at or around the green of the
sRGB color space (y=about 0.6). This shows that a signal
corresponding to any such color is possibly input. By setting
the intermediate level La to a level at which Y=0.3, the exist-
ing colors at or around the green of the sSRGB color space can
be reproduced with fidelity.

As described above, in this example, in the first range r1,
the hue, chroma and lightness of the green corresponding to
the green signal substantially match the hue, chroma and
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lightness of the color which is actually displayed by the pixel.
Namely, the green corresponding to the green signal substan-
tially matches the green which is actually displayed by the
pixel. In this specification, when it is expressed that colors
“substantially match each other”, it means that the color
difference AE*ab in an L*a*b* colorimetric system is 5 or
less. The color difference AE*ab is defined by AL*, Aa* and
Ab*, which are differences of the coordinates L*, a* and b* in
the L*a*b* colorimetric system. Specifically, AE*ab is
expressed as AE*ab=[(AL*)?+(Aa*)?+(Ab¥)?]"2, AE*ab=5
is such a color difference that is found only when two colors
are arranged side by side.

The gray scale level of the yellow sub pixel Ye when the
gray scale level of the green signal is the intermediate level La
is not limited to the value shown in FIG. 3 as an example
(140). The gray scale levels of the blue sub pixel B and the
yellow sub pixel Ye when the gray scale level of the green
signal is the maximum level are not limited to the values
shown in FIG. 3 as examples (106, 244).

EXAMPLE 2

FIG. 7 shows the relationship between the gray scale level
of'an input green signal (input gray scale level) and the gray
scale level of each sub pixel (output gray scale level) in this
example. In the example shown in FIG. 7, like in the example
shown in FIG. 3, in the first range r1 of the gray scale level of
the green signal, display is provided by use of the green sub
pixel G and the yellow sub pixel Ye; and in the second range
r2, display is provided by use of the green sub pixel G, the
yellow sub pixel Ye and also the blue sub pixel B.

However, in the example shown in FIG. 7, when the gray
scale level of the green signal is the maximum level, the gray
scale levels of the blue sub pixel B and the yellow sub pixel Ye
are respectively 84 and 246 and are different from the values
in the example shown in FIG. 3 (106, 244).

When display is provided as in the example shown in FIG.
7 also, the luminance which is actually output substantially
matches the luminance which ought to be output. Therefore,
the lightness of the color displayed by the pixel substantially
matches the lightness ofthe green of the sSRGB color space. In
the example shown in FIG. 3, in the second range r2, the
chroma of the color displayed by the pixel is significantly
decreased as compared with the chroma of the green of the
sRGB color space (see FIG. 5). However, in the example
shown in FIG. 7, the chroma can be maintained to a certain
degree also in the second range r2.

FIG. 8 shows the chromaticities x and y of the colors
displayed by the pixel when the green signal of the maximum
level is input in the example shown in FIG. 3 (Example 1) and
the example shown in FIG. 7 (Example 2). FIG. 8 also shows
the chromaticity of the color displayed by the pixel when the
green signal in the first range r1 (gray scale level 0 through
La) is input (same both in Example 1 and Example 2) and the
chromaticity of white light provided by the D65 light source
(standard light source having substantially the same color
temperature as that of the sunlight).

As shown in FIG. 8, in Example 1, the chromaticity when
the green signal of the maximum level is input is positioned
between the chromaticity when the green signal of the gray
scale level of 0 through La is input and the chromaticity
provided by the D65 light source. Namely, the chromaticity
when the green signal of the maximum level is input is shifted
toward white color from the chromaticity when the green
signal of the gray scale level of 0 through La is input. This
means that the chroma is decreased. By contrast, in Example
2, the amount of shift of the chromaticity when the green
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signal of the maximum level is input from the chromaticity
when the green signal of the gray scale level of 0 through La
is input is smaller than that in Example 1. This means that the
decrease of the chroma is suppressed.

As can be seen, in Example 2, the decrease of the chroma
in the second range r2 can be suppressed more than in
Example 1. However, in Example 2, the chromaticity when
the green signal of the maximum level is input is offset from
the straight line connecting the chromaticity when the green
signal of the gray scale level of 0 through La is input and the
chromaticity provided by the D65 light source. This means
that the hue is shifted. Namely, in Example 2, the chroma can
be maintained to a certain degree, but the hue is shifted. By
contrast, in Example 1, the chromaticity when the green sig-
nal of the maximum level is input is on the straight line
connecting the chromaticity when the green signal of the gray
scale level of 0 through La is input and the chromaticity
provided by the D65 light source. As can be seen from this, the
hue is not shifted. Accordingly, in the second range r2, when
the hue is more important, it is preferable to provide display
as in Example 1; whereas when the chroma is important, it is
preferable to provide display as in Example 2.

The gray scale level of the yellow sub pixel Ye when the
gray scale level of the green signal is the intermediate level La
(here, 206) is not limited to the value shown in FIG. 7 as an
example (140). The gray scale levels of the yellow sub pixel
Ye and the blue sub pixel B when the gray scale level of the
green signal is the maximum level are not limited to the values
shown in FIG. 7 as examples (246, 84).

As can be seen from the above, in the second range 12, as
the gray scale level of the green signal is increased, the
chroma is decreased toward the white color. Preferably, the
direction of shift in this case is the direction of the longer axis
of'the MacAdam ellipse. FIG. 9 shows the MacAdam ellipse
in the xy chromaticity diagram. The MacAdam ellipse shows
regions which appear to be the same color in the xy chroma-
ticity diagram. It should be noted that in FIG. 9, the Mac-
Adam ellipse is magnified to be 10 times as large as the actual
size. Where the direction of shift of the chromaticity is the
direction ofthe longer axis of the Mac Adam ellipse (direction
of'the arrow shown in FIG. 9), the decrease of the chroma is
not easily recognized visually as a color difference.

FIG. 10 shows the chromaticities x and y of the colors
displayed by the pixel when the green signal of the maximum
level (255) is input in Example 1 and Example 2. From the
viewpoint of ensuring that decline of the display quality at a
high gray scale level (caused by the shift between the green
which ought to be displayed and the green which is actually
displayed) is suppressed, it is preferable that the chromatici-
ties x and y when the green signal of the maximum level is
input are in the ranges of 0.25<x<0.35 and 0.45<y=<0.70 as
shown in FIG. 10. It is preferable that the Y value when the
green signal of the maximum level is input is in the range of
0.3=Y=0.8 where the Y value of white displayed by the pixel
is 1. Accordingly, it is preferable that the chromaticities x and
y and the Y value, in the XYZ colorimetric system, of the
color displayed by the pixel when the gray scale level of the
green signal is the maximum level fulfill the relationships of
0.25=x=0.35, 0.45<y=<0.70 and 0.3<Y 0.8. This is also appli-
cable to the following examples as well as Example 1 and
Example 2.

EXAMPLE 3

FIG. 11 shows the relationship between the gray scale level
of'an input green signal (input gray scale level) and the gray
scale level of each sub pixel (output gray scale level) in this
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example. Unlike the example shown in FIG. 3 or the example
shown in FIG. 7, the example shown in FIG. 11 does not use
the blue sub pixel B for display in the second range r2.
Namely, in the example shown in FIG. 11, both in the first
range r1 and the second range r2, display is provided by use of
only the green sub pixel G and the yellow sub pixel Ye.

As shown in FIG. 11, the output increase ratios of the green
sub pixel G and the yellow sub pixel Ye are different between
in the first range rl and in the second range r2.

The output increase ratio of the green sub pixel G is lower
in the second range r2 than in the first range rl, and more
specifically, is zero. Namely, the gray scale level of the green
sub pixel G increases as the gray scale level of the green signal
increases, and reaches the maximum level (255) when the
gray scale level of the green signal is the intermediate level
La. After that, the gray scale level of the green sub pixel G is
kept the same.

The output increase ratio of the yellow sub pixel Ye is lower
in the second range r2 than in the first range r1, but is not zero.
When the gray scale level of the green signal is the interme-
diate level La (here, 206), the gray scale level of the yellow
sub pixel Ye is, for example, 140. When the gray scale level of
the green signal is the maximum level, the gray scale level of
the yellow sub pixel Ye is, for example, 190.

FIG. 12 shows the relationship between the gray scale level
of the green signal and the luminance (relative value) of the
pixel, and FIG. 13 shows the C*-L.* characteristic (relation-
ship between the chroma and the lightness at the hue corre-
sponding to the green of the sSRGB color space) of the color
displayed by the pixel, when display is provided as in the
example shown in FIG. 11.

As shown in FIG. 12, in the range of the gray scale level of
the green signal from the minimum level (0) to the interme-
diate level La (here, 206), the luminance which is actually
output substantially matches the luminance which ought to be
output. By contrast, in the range of the gray scale level of the
green signal from the intermediate level La to the maximum
level (255), the luminance which is actually output is lower
than the luminance which ought to be output. Therefore, as
shown in FIG. 13, the lightness of the color displayed by the
pixel substantially matches the lightness of the green of the
sRGB color space in the first range rl and is lower than the
lightness of the green of the sSRGB color space in the second
range r2.

As can be seen from FIG. 13, in the first range rl, the
chroma of the color displayed by the pixel substantially
matches the chroma of the green of the sSRGB color space. In
the second range r2, the luminance output from the green sub
pixel G is constant, whereas the luminance output from the
yellow sub pixel Ye is increased. As a result, the chroma of the
color displayed by pixel becomes lower than the chroma of
the green of the sSRGB color space. Along with this, the hue of
the color displayed to by the pixel is shifted toward yellow
gradually. However, as can be seen from a comparison
between FIG. 13 and FIG. 5, the decrease of the chroma in the
second range r2 is smaller in this example than in Example 1.

FIG. 14 shows the chromaticities x and y of the color
displayed by the pixel when the green signal of the maximum
level (255) is input in the example shown in FIG. 11 (Example
3). FIG. 14 also shows the chromaticity of the color displayed
by the pixel when a green signal in the first range r1 (gray
scale level 0 through La) is input and the chromaticity of
white light provided by the D65 light source.

As shown in FIG. 14, the chromaticity when the green
signal of the maximum level is input is positioned right with
respectto aposition between the chromaticity when the green
signal of the gray scale level of 0 through La is input and the
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chromaticity provided by the D65 light source, and is shifted
toward yellow from the chromaticity when the green signal of
the gray scale level of O through La is input. However, as can
be seen from a comparison between FIG. 14 and FIG. 8, the
amount of shift is smaller than that in Example 1, which
means that the decrease of the chroma is suppressed. The shift
of the hue is not very large.

As described above, when display is provided as in this
example, in the second range r2, the lightness is slightly
decreased but the decrease of the chroma can be suppressed
and the shift of the hue can also be suppressed. Namely, in this
example, in the first range rl, all of the hue, chroma and
lightness can be output with fidelity; and in the second range
r2, the chroma, hue and lightness can be maintained to a
certain degree.

In the example shown in FIG. 11, the output increase ratio
of'the yellow sub pixel Ye is lower in the second range r2 than
in the first range r1. Alternatively, the output increase ratio of
the yellow sub pixel Ye may be higher in the second range r2
than in the first range r1.

The gray scale level of the yellow sub pixel Ye when the
gray scale level of the green signal is the intermediate level La
is not limited to the value shown in FIG. 11 as an example
(140). The gray scale level of the yellow sub pixel Ye when the
gray scale level ofthe green signal is the maximum level is not
limited to the value shown in FIG. 11 as an example (190).

EXAMPLE 4

FIG. 15 shows the relationship between the gray scale level
of'an input green signal (input gray scale level) and the gray
scale level of each sub pixel (output gray scale level) in this
example. In the example shown in FIG. 15, display is pro-
vided by use of the green sub pixel G and the yellow sub pixel
Ye in both of the first range r1 and the second range r2.

As shown in FIG. 15, the output increase ratios of the green
sub pixel G and the yellow sub pixel Ye are different between
in the first range rl and in the second range r2.

The output increase ratio of the green sub pixel G is lower
in the second range r2 than in the first range rl, and more
specifically, is zero. The gray scale level of the green sub pixel
G increases as the gray scale level of the green signal
increases, and reaches the maximum level (255) when the
gray scale level of the green signal is the intermediate level
La. After that, the gray scale level of the green sub pixel G is
kept the same.

The output increase ratio of the yellow sub pixel Ye is also
lower in the second range r2 than in the first range rl, and
more specifically, is zero. The gray scale level of the yellow
sub pixel Ye increases as the gray scale level of the green
signal increases, and reaches a certain level (e.g., 140) when
the gray scale level of the green signal is the intermediate
level La. Afterthat, the gray scale level of the yellow sub pixel
Ye is kept the same.

In the example shown in FIG. 15, in the second range r2,
the output increase ratios of the green sub pixel G and the
yellow sub pixel Ye are zero. Therefore, the color displayed
by the pixel is kept the same in the second range r2. Namely,
in the second range r2, the hue, chroma and lightness of the
color displayed by the pixel are constant.

FIG. 16 shows the relationship between the gray scale level
of the green signal and the luminance (relative value) of the
pixel, and FIG. 17 shows the C*-L* characteristic (relation-
ship between the chroma and the lightness at the hue corre-
sponding to the green of the sSRGB color space) of the color
displayed by the pixel, when display is provided as in the
example shown in FIG. 15.
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As shown in FIG. 16, in the range of the gray scale level of
the green signal from the minimum level (0) to the interme-
diate level La (here, 206), the luminance which is actually
output substantially matches the luminance which ought to be
output. By contrast, in the range of the gray scale level of the
green signal from the intermediate level La to the maximum
level (255), the luminance which is actually output is con-
stant. Therefore, as shown in FIG. 17, the lightness of the
color displayed by the pixel substantially matches the light-
ness of the green of the SRGB color space in the first range rl
and is constant in the second range r2.

As can be seen from FIG. 17, the chroma of the color
displayed by the pixel substantially matches the chroma of the
green of the SRGB color space in the first range rl, and is
constant in the second range r2. The locus of the color dis-
played by the pixel is shown in one color tone diagram (FIG.
17). As can be seen from this, the hue of the color displayed by
the pixel substantially matches the hue of the green of the
sRGB color space (namely, is constant both in the first range
rl and the second range r2).

FIG. 18 shows the chromaticities x and y of the color
displayed by the pixel when the green signal is input in the
example shown in FIG. 15 (Example 4). FIG. 18 also shows
the chromaticity of white light provided by the D65 light
source. As shown in FIG. 18, the chromaticity when the green
signal is input is the same at all the gray scale levels of the
green signal.

As described above, when display is provided as in this
example, the hue, chroma and lightness are constant in the
second range r2. Therefore, a display color having chroma-
ticity coordinates substantially matching those of the green of
the sRGB color space is always output in the first range r1 and
also in the second range r2. Namely, in the second range r2,
the lightness is decreased as compared with the lightness
which ought to be output but green having substantially the
same hue as that of the green of the sSRGB color space can be
displayed with the highest possible chroma which can be
realized by the multiple primary color liquid crystal display
device 100.

The gray scale level of the yellow sub pixel Ye when the
gray scale level of the green signal is in the second range 12 is
not limited to the value shown in FIG. 15 as an example (140).

EXAMPLE 5

FIG. 19 shows the relationship between the gray scale level
of'an input green signal (input gray scale level) and the gray
scale level of each sub pixel (output gray scale level) in this
example. In the example shown in FIG. 19, in a first range rl
of'the gray scale level of the green signal from the minimum
level (i.e., zero) to a prescribed intermediate level Lb, display
is provided by use of only the green sub pixel G. By contrast,
in a second range r2 from the intermediate level Lb to the
maximum level (i.e., 255), display is provided by use of the
green sub pixel G and the yellow sub pixel Ye.

Where the intermediate level Lb is a first intermediate
level, as shown in FIG. 19, the output increase ratio of the
yellow sub pixel Ye is different between in the first range r1 of
the gray scale level of the green signal from the minimum
level to the first intermediate level Lb and in the second range
r2 from the first intermediate level Lb to the maximum level.
The output increase ratio of the green sub pixel G is different
between in a third range r3 of the gray scale level of the green
signal from the minimum level to a second intermediate level
Lc and in a fourth range r4 from the second intermediate level
Lc to the maximum level. The second intermediate level Lc is
higher than the first intermediate level Lb.
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The output increase ratio of the yellow sub pixel Ye is lower
in the first range rl than in the second range r2, and is zero.
Therefore, when the gray scale level of the green signal is the
first intermediate level Lb, the gray scale level of the yellow
sub pixel Ye is 0. When the gray scale level of the green signal
is the second intermediate level Lc, the gray scale level of the
yellow sub pixel Ye is, for example, 140. When the gray scale
level of the green signal is the maximum level, the gray scale
level of the yellow sub pixel Ye is, for example, 190.

The output increase ratio of the green sub pixel G is lower
in the fourth range r4 than in the third range r3, and more
specifically, is zero. Namely, the gray scale level of the green
sub pixel G increases as the gray scale level of the green signal
increases, and reaches the maximum level (i.e., 255) when the
gray scale level of the green signal is the second intermediate
level Lc. After that, the gray scale level of the green sub pixel
G is kept the same. When the gray scale level of the green
signal is the first intermediate level Lb, the gray scale level of
the green sub pixel G is, for example, 215.

As can be seen, in this example, the input gray scale level
at which the output increase ratio changes is different
between for the green sub pixel G and for the yellow sub pixel
Ye. FIG. 20 shows the C*-L* characteristic (relationship
between the chroma and the lightness at the hue correspond-
ing to the green of the sSRGB color space) of the color dis-
played by the pixel when display is provided as in the example
shown in FIG. 19.

As shown in FIG. 20, in the first range r1, the locus of the
color displayed by the pixel is along the outer perimeter of the
color reproduction range of the multiple primary color liquid
crystal display device 100. Namely, in this example, unlike in
Examples 1 through 4 described above, in the first range r1,
neither the chroma nor the lightness of the green of the sSRGB
color space is output with fidelity.

When the yellow sub pixel Ye starts to be lit up (i.e., when
the gray scale level of the yellow sub pixel Ye starts increas-
ing) at the start of the second range r2 (first intermediate level
Lb), the locus of the color displayed by the pixel becomes
offset from the outer perimeter of the color reproduction
range of the multiple primary color liquid crystal display
device 100. When the gray scale level of the green signal is the
intermediate level Lc, the gray scale level of the green sub
pixel G is the maximum level (255). As a result, green having
the highest chroma is displayed by the pixel. Even when the
gray scale level of the green signal becomes higher than the
second intermediate level Lc, the gray scale level of the green
sub pixel G is not further increased. Therefore, the chroma of
the green displayed by the pixel is gradually decreased.
Accordingly, up to the first intermediate level Lb, the color
displayed by the pixel is the same as the color displayed only
by the green sub pixel G. Between the first intermediate level
Lb and the second intermediate level Lc, the chroma of the
color displayed by the pixel is higher than the chroma of the
green of the sSRGB color space. From the second intermediate
level Lc to the end of the second range r2 (the maximum
level), the chroma of the color displayed by the pixel is lower
than the chroma of the green of the sSRGB color space.

As can be seen from a comparison between FIG. 11 and
FIG. 20, in this example, gray scale display is provided by use
of'a color range of green wider than in Example 3. Therefore,
the gray scale display provided by the multiple primary color
liquid crystal display device 100 shows natural transitions in
the gray scale in any region from black via green to white and
also smoothness.

It is preferable that the intermediate level Lb, which is the
end of the first range r1 (range in which all of the hue, chroma
and lightness can be reproduced with fidelity), is a gray scale
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level at which the Y value of the green to be displayed (green
corresponding to the green signal) is 0.3 or greater for the
same reason as that described above regarding the interme-
diate level La in Example 1.

The gray scale level of the green sub pixel G when the gray
scale level of the green signal is the first intermediate level Lb
is not limited to the value shown in FIG. 19 as an example
(215). The gray scale level of the yellow sub pixel Ye when the
gray scale level of the green signal is the second intermediate
level Lc or the maximum level is not limited to the value
shown in FIG. 19 as an example (140, 190).

EXAMPLE 6

FIG. 21 shows the relationship between the gray scale level
of'an input green signal (input gray scale level) and the gray
scale level of each sub pixel (output gray scale level) in this
example. In the example shown in FIG. 21, in a first range rl
of'the gray scale level of the green signal from the minimum
level (i.e., zero) to a prescribed intermediate level Ld, display
is provided by use of only the green sub pixel G. By contrast,
in a first range r2 from the intermediate level Ld to the maxi-
mum level (i.e., 255), display is provided by use of the green
sub pixel G and also the yellow sub pixel Ye.

As shown in FIG. 21, the output increase ratio of the green
sub pixel G is different between in the first range r1 and in the
second range r2.

The output increase ratio of the green sub pixel G is lower
in the second range r2 than in the first range rl, and more
specifically, is zero. Namely, the gray scale level of the green
sub pixel G increases as the gray scale level of the green signal
increases, and reaches the maximum level (i.e., 255) when the
gray scale level of the green signal is the intermediate level
Ld. After that, the gray scale level of the green sub pixel G is
kept the same.

When the gray scale level of the green signal is the maxi-
mum level, the gray scale level of the yellow sub pixel Ye is,
for example, 140.

FIG. 22 shows the C*-L* characteristic (relationship
between the chroma and the lightness at the hue correspond-
ing to the green of the sSRGB color space) of the color dis-
played by the pixel when display is provided as in the example
shown in FIG. 21.

As shown in FIG. 22, the locus of the color displayed by the
pixel is along the outer perimeter of the color reproduction
range of the multiple primary color liquid crystal display
device 100. Namely, in this example, unlike in Examples 1
through 4 described above, in the first range r1, neither the
chroma nor the lightness is output with fidelity. However, this
example is different from the conventional example described
above with reference to FIG. 28 through FIG. 30 on the
following points.

In the conventional example, as shown in FIG. 28, the gray
scale level of the green signal is the gray scale level of the
green sub pixel G as it is. Therefore, as shown in FIG. 30,
when the gray scale level of the green signal is the maximum
level, green having the highest chroma (i.e., the darkest green)
is displayed by the pixel.

By contrast, in this example, when the gray scale level of
the green signal is the intermediate level L.d, the gray scale
level of the green sub pixel G is the maximum level and green
having the highest chroma is displayed by the pixel. When the
gray scale level of the green signal becomes higher than the
intermediate level Ld, the gray scale level of the yellow sub
pixel Ye is increased. As a result, the lightness of the green
displayed by the pixel is increased.
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Therefore, as shown in FIG. 22, the locus of the color
displayed by the pixel in this example includes green having
a higher lightness as compared with the locus of the color
displayed by the pixel in the conventional example (shown in
FIG. 30). Accordingly, in this example, the lightness when the
green signal is input is increased as compared with that in the
conventional example. The locus of the color displayed by the
pixel in this example is longer than the locus of the color
displayed by the pixel in the conventional example. There-
fore, in this example, natural transitions in the gray scale can
be realized.

The gray scale level of the yellow sub pixel Ye when the
gray scale level ofthe green signal is the maximum level is not
limited to the value shown in FIG. 21 as an example (140).

It is preferable that the intermediate level Ld, which is the
end of the first range rl1 (input gray scale level at which the
gray scale level of the green sub pixel G reaches the maximum
level), is a gray scale level at which theY value of the green to
be displayed (green corresponding to the green signal) is 0.3
or greater for the same reason as that described above regard-
ing the intermediate level La in Example 1.

(Specific Structures of the Signal Conversion Circuit)

Now, an example of specific structure of the signal conver-
sion circuit 20 will be described.

The signal conversion circuit 20 has a lookup table includ-
ing, for example, data which represents the luminance of a
sub pixel corresponding to a color specified by a video signal
(three-dimensional signal), and thus can generate a multiple
primary color signal by referring to the lookup table in accor-
dance with the input video signal. However, if the data rep-
resenting the luminance of the sub pixel is included in the
lookup table regarding all the colors, the data amount in the
lookup table is excessively large. It is difficult to configure
such a lookup table in a simple manner by use of a small-
capacity low-cost memory.

FIG. 23 shows an example of preferable structure of the
signal conversion circuit 20. The signal conversion circuit 20
shown in FIG. 23 includes a color coordinate conversion
section 21, a lookup table memory 22, and a computation
section 23.

The color coordinate conversion section 21 receives a
video signal representing the luminances of the three primary
colors, and converts the color coordinates in an RGB color
space into the color coordinates in an XYZ color space.
Specifically, the color coordinate conversion section 21 per-
forms matrix conversion on the RGB signal (including com-
ponents Ri, Gi and Bi respectively corresponding to the lumi-
nances of red, green and blue) to obtain XYZ values as shown
by the following expression (1). The 3 rowsx3 columns
matrix shown in expression (1) as an example is defined based
on the BT. 709 standard.

[Expression 1]

X 0.4124 0.3576 0.1804
[ Y ] = [0.2127 0.7152 0.0722
z

0.0193 0.1192 0.9502

M

Ri
Gi
Bi

The lookup table memory 22 stores such a lookup table.
This lookup table has data showing the luminance of the
yellow sub pixel Ye corresponding to the luminances Ri, Gi
and Bi of the three primary colors represented by the video
signal. Here, the luminances Ri, Gi and Bi are obtained by
performing inverse y correction on the gray scale values of the
256-level gray scale scheme. The number of colors which can
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be specified by the video signal is 256x256x256. The lookup
table in the lookup table memory 22 has data of a three-
dimensional matrix configuration of 256x256x256, which
corresponds to the number of colors which can be specified by
the video signal. As a result of reference to the lookup table in
the lookup table memory 22, the luminance of the yellow sub
pixel Ye corresponding to the luminances Ri, Gi and Bi can be
obtained.

The computation section 23 performs a computation by use
of the XYZ values obtained by the color coordinate conver-
sion section 21 and the luminance of the yellow sub pixel Ye
obtained by the lookup table memory 22 to find the lumi-
nances of the red sub pixel R, the green sub pixel G and the
blue sub pixel B. Specifically, the computation section 23
performs a computation in accordance with the following
expression (2).

[Expression 2]

B Xz Xe Xg Y[ X—(Xy.xYe) 2)
[R =[YR Yo YB] [y—(yygxye)]
G Zr Zo Zg Z—(Zy. X Ye)

Now, a reason why the luminances of the red sub pixel R,
the green sub pixel G and the blue sub pixel B are found by the
computation represented by expression (2) will be described
with reference to the following expressions (3) and (4).

[Expression 3]

R ©)
X Xr Xo Xp Xye G
Yl=|ve Yo ¥5 ¥y,
z Zp Zc Zg Zy.
Ye
[Expression 4]
X Xp “)

X Xr RY ( Xve
[Y]:[YR Yo Y [G +[ng ]Ye
z Zx Zo Zzs NB) \ Zy,

Assuming that the colors specified by the video signal
input to the signal conversion circuit 20 and the colors speci-
fied by the multiple primary color signal output from the
signal conversion circuit 20 are the same as each other, the
XYZ values obtained as a result of conversion made on the
luminances Ri, Gi and Bi of the three primary colors are also
represented by the matrix conversion expression on the lumi-
nances of the red sub pixel R, the green sub pixel G, the blue
sub pixel B and the yellow sub pixel Ye as shown in expres-
sion (3). Coefficients Xz, Yz, Zx . . . Zy, of the 3 rowsx4
columns conversion matrix shown in expression (3) are deter-
mined based on the XYZ values of each sub pixel in the liquid
crystal display panel 10.

As shown by expression (4), the right term of expression
(3) can be transformed into a sum of the product of the
luminances of the red sub pixel R, the green sub pixel G and
the blue sub pixel B (represented as R, G and B in the expres-
sion) by the 3 rowsx3 columns conversion matrix and the
product of the luminance of the yellow sub pixel Ye (repre-
sented as Ye in the expression) by the 3 rowsx1 column
conversion matrix. By further transforming expression (4),
expression (2) is obtained. This is why the luminances of the
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red sub pixel R, the green sub pixel G and the blue sub pixel
B can be found by performing the computation in accordance
with expression (2).

As can be seen, the computation section 23 can obtain the
luminances of the red sub pixel R, the green sub pixel G and
the blue sub pixel B based on the XYZ values obtained by the
color coordinate conversion section 21 and the luminance of
the yellow sub pixel Ye obtained by the lookup table memory
22.

As described above, the signal conversion circuit 20 shown
in FIG. 23 first finds the luminance of one sub pixel by use of
the lookup table stored on the lookup table memory 22, and
then finds the luminances of the remaining three sub pixels by
means of the computation section 23. Accordingly, the
lookup table stored on the lookup table memory 22 does not
need to include the data representing the luminances of all of
the four sub pixels but merely needs to include the data
representing the luminance of one sub pixel among the four
sub pixels. Thus, when the structure shown in FIG. 23 is
adopted, the lookup table can be configured in a simple man-
ner by use of a small-capacity low-cost memory.

FIG. 24 shows another example of preferable structure of
the signal conversion circuit 20. Unlike the signal conversion
circuit 20 shown in FIG. 23, the signal conversion circuit 20
shown in FIG. 24 includes an interpolation section 24 in
addition to the color coordinate conversion section 21, the
lookup table memory 22 and the computation section 23.

In the signal conversion circuit 20 shown in FIG. 23, the
data in the lookup table stored on the lookup table memory 22
corresponds to the colors of the same number as that of the
colors specified by the video signal. By contrast, in the signal
conversion circuit 20 shown in FIG. 24, the data in the lookup
table corresponds to the colors of a number smaller than that
of the colors specified by the video signal.

Here, the luminances Ri, Gi and Bi of the three primary
colors represented by the video signal are each of the 256-
level gray scale scheme, and the number of colors specified by
the video signal is 256x256x256. By contrast, the lookup
table in the lookup table memory 22 has data of a three-
dimensional matrix configuration of 17x17x17. Each of the
luminances Ri, Gi and Bi is of a gray scale scheme including
only every 16th level, i.e., levels 0, 16, 32, . . . 256. Namely,
the lookup table has 17x17x17 data obtained as a result of
culling performed on the 256x256x256 data.

The interpolation section 24 interpolates the luminance of
the yellow sub pixel Ye corresponding to each of the culled-
out levels by use of the data included in the lookup table
(luminance of the yellow sub pixel Ye). For example, the
interpolation section 24 performs the interpolation by linear
approximation. In this manner, the luminance of the yellow
sub pixel Ye corresponding to the luminances Ri, Gi and Bi of
the three primary colors can be obtained for each gray scale
level.

The computation section 23 finds the luminances of the red
sub pixel R, the green sub pixel G and the blue sub pixel B by
use of the XYZ values obtained by the color coordinate con-
version section 21 and the luminance of the yellow sub pixel
Ye obtained by the lookup table 22 and the interpolation
section 24.

As described above, in the signal conversion circuit 20
shown in FIG. 24, the number of colors corresponding to the
data in the lookup table stored on the lookup table memory 22
is smaller than the number of colors specified by the video
signal. Therefore, the data amount in the lookup table can be
further decreased.

In the above example, the lookup table includes the data
representing the luminance of the yellow sub pixel Ye and the
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computation section 23 finds the luminances ofthe remaining
red sub pixel R, the green sub pixel G and the blue sub pixel
B. The present invention is not limited to this. As long as the
lookup table includes data representing the luminance of any
one sub pixel, the computation section 23 can find the lumi-
nances of the remaining three sub pixels.

The elements included in the signal conversion circuit 20
are realized by hardware, or a part thereof or the entirety
thereof may be realized by software. When these elements are
realized by software, a computer may be used. Such a com-
puter includes a CPU (Central Processing Unit) for executing
various programs, a RAM (Random Access Memory) acting
as a work area for executing such programs, and the like. A
program for realizing the functions of the elements is
executed by the computer, and the computer is operated as the
elements.

The program may be provided to the computer from a
storage medium, or may be provided to the computer via a
communication network. The storage medium may be struc-
tured to be separable from the computer or incorporated into
the computer. The storage medium may be mounted on the
computer such that a program code stored thereon can be
directly read by the computer, or may be mounted on the
computer as an external storage device such that the program
can be read via a program read device connected to the com-
puter. The storage device may be, for example, a tape such as
a magnetic tape, a cassette tape or the like; a disc such as a
magnetic disc, for example, a flexible disc, a hard disc or the
like, a magneto-optical disc, for example, an MO, an MD or
the like, or an optical disc, for example, a CD-ROM, a DVD,
a CD-R or the like; a card such as an IC card (including a
memory card), an optical card or the like; or a semiconductor
memory such as a mask ROM, an EPROM (Erasable Pro-
grammable Read Only Memory), an EEPROM (Electrically
Erasable Programmable Read Only Memory), a flash ROM
or the like. In the case where the program is provided via a
communication network, the program may be in the form of
a carrier wave or a data signal which embodies the program
code by electronic transfer.

In the above, the liquid crystal display device is described
as an example. The present invention is preferably usable to
any of various types of display devices including CRTs (cath-
ode ray tubes), organic EL display devices, plasma display
panels, SEDs (Surface-conduction Electron-emitter Dis-
plays) and the like as well as liquid crystal display devices.

INDUSTRIAL APPLICABILITY

According to the present invention, a multiple primary
color display device which suppresses decline of the display
quality when an input signal corresponding to green of the
sRGB color space is externally input. The present invention is
preferably usable especially to a four primary color display
device which provides display by use of red, green, blue and
yellow. A multiple primary color display device according to
the present invention can provide high quality display, and
therefore is preferably usable to any of various electronic
devices including liquid crystal TVs.

REFERENCE SIGNS LIST

10 Liquid crystal display panel

20 Signal conversion circuit

21 Color coordinate conversion section
22 Lookup table memory

23 Computation section

24 Interpolation section

100 Liquid crystal display device
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The invention claimed is:

1. A display device comprising a pixel defined by a plural-
ity of sub pixels, wherein:

the plurality of sub pixels are a red sub pixel to display red,

a green sub pixel to display green, a blue sub pixel to
display blue, and a yellow sub pixel to display yellow;
and

when an input signal corresponding to green of an sSRGB

color space is externally input from outside the display
device, an image is provided on the display device by the
green sub pixel and the yellow sub pixel; wherein

an increase in ratios of gray scale levels of the green sub

pixel and the yellow sub pixel with respect to an increase
of the gray scale level of the input signal is different
between a first range of the gray scale level of the input
signal from a minimum level to a prescribed intermedi-
ate level and a second range of the gray scale level of the
input signal from the prescribed intermediate level to a
maximum level.

2. The display device of claim 1, wherein when the gray
scale level of the input signal is the prescribed intermediate
level, the gray scale level of the green sub pixel is the maxi-
mum level, and the increase ratio of the green sub pixel in the
second range is zero.

3. The display device of claim 2, wherein in the first range,
hue, chroma and lightness of green corresponding to the input
signal substantially match the hue, chroma and lightness of a
color displayed by the pixel.

4. The display device of claim 3, wherein in the second
range, the lightness of the green corresponding to the input
signal substantially matches the lightness of the color dis-
played by the pixel.

5. The display device of claim 4, wherein in the second
range, the hue of the green corresponding to the input signal
substantially matches the hue of the color displayed by the
pixel.

6. The display device of claim 3, wherein when the input
signal is input, in the second range, display is provided by use
of the green sub pixel, the yellow sub pixel and the blue sub
pixel.

7. The display device of claim 3, wherein when the input
signal is input, in the second range, the blue sub pixel is not
used for display.

8. The display device of claim 3, wherein in the second
range, the lightness of the color displayed by the pixel is lower
than the lightness of the green corresponding to the input
signal.

9. The display device of claim 8, wherein in the second
range, the hue of the green corresponding to the input signal
substantially matches the hue of the color displayed by the
pixel.

10. The display device of claim 3, wherein in the second
range, the hue, chroma and lightness of the color displayed by
the pixel are constant.

11. The display device of claim 3, wherein in the second
range, the increase ratio of the yellow sub pixel is zero.

12. The display device of claim 1, wherein the prescribed
intermediate level is a gray scale level at which, when a Y
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value of white displayed by the pixel in an XYZ colorimetric
system is 1, the Y value of green corresponding to the input
signal is 0.3 or greater.

13. A display device comprising a pixel defined by a plu-
rality of sub pixels, wherein:

the plurality of sub pixels are a red sub pixel to display red,

a green sub pixel to display green, a blue sub pixel to
display blue, and a yellow sub pixel to display yellow;
and

when an input signal corresponding to green of an sSRGB

color space is externally input from outside the display
device, an image is provided on the display by the green
sub pixel in a first range of a gray scale level of the input
signal from a minimum level to a prescribed intermedi-
ate level, and the image is provided on the display by the
green sub pixel and the yellow sub pixel in a second
range of the gray scale level of the input signal from the
prescribed intermediate level to a maximum level.

14. The display device of claim 13, wherein an increase
ratio of the gray scale level of the green sub pixel with respect
to an increase of the gray scale level of the input signal is
different between in the first range and in the second range.

15. The display device of claim 14, wherein when the gray
scale level of the input signal is the prescribed intermediate
level, the gray scale level of the green sub pixel is the maxi-
mum level, and the increase ratio of the green sub pixel in the
second range is zero.

16. The display device of claim 13, wherein the prescribed
intermediate level is a gray scale level at which, when a 'Y
value of white displayed by the pixel in an XYZ colorimetric
system is 1, the Y value of green corresponding to the input
signal is 0.3 or greater.

17. The display device of claim 13, wherein when the
prescribed intermediate level is a first intermediate level, an
increase ratio of the gray scale level of the green sub pixel
with respect to an increase of the gray scale level of the input
signal is different between in a third range of the gray scale
level of the input signal from the minimum level to a second
intermediate level which is higher than the first intermediate
level and in a fourth range of the gray scale level of the input
signal from the second intermediate level to the maximum
level.

18. The display device of claim 17, wherein when the gray
scale level of the input signal is the second intermediate level,
the gray scale level of the green sub pixel is the maximum
level, and the increase ratio of the green sub pixel in the fourth
range is zero.

19. The display device of claim 17, wherein the first inter-
mediate level is a gray scale level at which, when aY value of
white displayed by the pixel in an XY Z colorimetric system is
1, the Y value of the green corresponding to the input signal is
0.3 or greater.

20. The display device of claim 1, wherein when the gray
scale level of the input signal is a maximum level, chroma-
ticities x and y and a Y value in an XYZ colorimetric system
of a color displayed by the pixel fulfill the relationships of
0.25=x=0.35, 0.45=<y=<0.70 and 0.3=Y=<0.8 where the Y value
when the pixel displays white is 1.
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